The On the basis of our findings, we conclude that in shifting cultivation systems burning promotes vegetation recover y when the burning strength is properly managed.
INTRODUCTION
Shifting cultivation is the traditional agricultural practice in Sarawak, Malaysia. Shifting cultivation is considered to be in harmony with the forest environment, provided that the fallow period is long enough (Ichikawa, ) , and increases in waste lands or the degradation of tropical rain forest has never occurred in a traditional shifting cultivation system with a sufficiently long fallow duration (Kleinman et al. ) . However, a recent surge in population density and involvement in global commercial activities have caused farmers in Malaysia to use shorter fallow periods and to increase the degraded land area (Brady, ).
In Sarawak, Malaysia, between and the area of forested land converted to cultivated land doubled (from , to , ha) 
RESEARCH SITES
To compare site-specific effects on vegetation recovery, the experiments were carried out at four sites in Sarawak, Malaysia ( 
RESEARCH METHODS

Burning experiments
The burning experiments were per formed in August 
Har vesting sur vey
The harvesting surveys were carried out and years after burning at each site. Two quadrats were randomly 
Germination experiment of buried seeds
The germination of buried seeds was tested in soil were not found in burned plots at Niah. At Bakam Trema was also the most abundant germinated genus. Compared to unburned plots, the propor tion of Macaranga spp.
was lower in burned plots and that of A. angustifolia was higher. at and years after burning. Diameter growth was best at Balai Ringin, where the number of germinated tree seedlings was also the highest. Overall, the diameter growth in bur ned areas was larger than or almost equivalent to that in unburned areas. For the first year, the diameter was largest in the intermediate burning strength plots (except for Niah), t/ha at Sabal and Balai Ringin and t/ha at Bakam. This tendency was no longer apparent in the second year after burning, when it was confirmed that the diameter growth was better in burned areas (except for Niah).
Vegetation recover y in terms of growth
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The same results were obtained for height growth ( Fig. ) ; that is, in the first year after burning the height growth was better in burned areas than in unburned areas, and it was highest in intermediate burning strength
plots (except for Niah). In the second year, greater height growth was observed in burned areas and the difference between burned and unburned areas became more prominent.
In terms of biomass, vegetation recover y was also best at Balai Ringin (Fig. ) . In the first year, the biomass at the other three sites was less than t/ha, whereas that at Balai Ringin was more than t/ha in the more strongly burned plots. The plots of intermediate burning The biomass in bur ned areas was greater than in unburned areas, except for Niah, in which no significant difference was detected.
In the second year after burning, the dif ference of biomass between bur ned and unbur ned became clearer at Sabal and Balai Ringin (Fig. ) . there was almost no germination from the Ao layer in stronger burned plots ( -t/ha and -t/ha). For theto -cm layer at Niah, germination occurred only in soils collected from the -t/ha plots.
Germination from buried seeds
In soils collected from the -to -cm layer at Bakam, the germination started week after sowing in unburned plots and after weeks in the burned plots. Germination in soil from the Ao layer was negligible in both unburned and burned plots. The number of germinated seeds from the -to -cm layer in burned plots decreased with burning strength, although the trend was not significant.
The density of germinated seedlings in soils gathered from all plots was less than per m at weeks after sowing.
DISCUSSION
Effects of site conditions on the vegetation recover y
Vegetation recover y after bur ning depends on two essential functions, germination and growth. Although germination is used to refer to both seed germination and sprout germination, we discuss only seed germination because no sprout germination was obser ved in our experiment. One factor that determines the number of germinated seedlings is seed supply. The seed supply for germination after shifting cultivation comes from two sources, the seed bank (buried seeds) and seed rain (seed falling from the surrounding plants; Whitmore, , ).
Our findings suggest that germination from buried seed is affected by burning strength and site factors.
According to the germination tests of buried seeds at Niah (Fig. ) , there was almost no germination from Ao layer in the burned areas. This means that the buried seeds (dormant seeds in this case) in the surface layer were killed by heat. In the -to -cm layer of soil, the buried seeds were killed in -and -t/ha burning strength plots, and seeds germinated at a higher density in the unburned plots compared to the -t/ha plots.
These results may reflect a decrease of germination in situ in more strongly burned areas (Fig. ) . Table   ) . This can also explain the difference of the number of germinations in situ among the sites (Fig. ) .
The other source of seeds available for germination is seed rain, which falls from neighboring sites. The supply from seed rain is related not to burning strength but to site conditions, and among these conditions the size of the surrounding forest may be the most important factor, as in the case of seed bank. When species composition and the successional stage of the surrounding forest are the same, larger forests supply more seed rain. Thus, Balai Ringin likely received more seed rain than Niah, resulting in the larger number of germinated seedlings (Fig. ) , because the original biomass at Balai Ringin was larger than that at Niah, although the species composition was similar in both sites (Table ) . The relatively small number of germinated seedlings at Sabal compared to Balai Ringin ( Although in this study the original biomasses at Sabal and Balai Ringin were nearly the same, germinated seedlings grew faster at Balai Ringin than at Sabal, in terms of diameter (Fig. ), height (Fig. ) , and biomass (Fig. ) , likely because of the better soil conditions at Balai Ringin (Table ) . The results of intensive soil sur veys at the sites also revealed better soil conditions at Balai Ringin in terms of both their physical and chemical properties (Kendawang et al. ) . As for topography, the slope at Balai Ringin is steeper than that at Sabal, although we did not gather sufficient data to explain the effect of slope on the vegetation recovery.
Vegetation recovery was the best at Balai Ringin in terms of higher germination and growth rates and the low mortality rate of germinated seedlings ( The aboveground biomass at and years after burning at Balai Ringin was significantly larger than that at the other sites ( Fig. ) . Nykvist ( ) reported . 
Effects of burning on the vegetation recover y
In general, the number of germinated seedlings in situ decreased as burning strength increased (Fig. ) .
Although these findings seem to indicate that more buried seeds were killed at greater burning strength, a large part of the germination depended on the seed rain, as judged from the germination sur vey of buried seeds ( Fig. ) . A reduction in the number of germinated seedlings retards the initial phase of vegetation recovery. The species composition of germinated seedlings differed between burned and unburned plots (Table ) .
Some species were absent in burned plots, whereas some D e p a r t m e n t o f I r r i g a t i o n a n d D r a i n a g e . . 
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